Implementation of persistent identification of topological entities based on macro-parametrics approach  by Farjana, Shahjadi Hisan et al.
H O S T E D  B Y Available online at www.sciencedirect.comhttp://dx.doi.org/
2288-4300/& 20
(http://creativeco
nCorrespondin
Department of M
and Technology
E-mail addre
Peer review uJournal of Computational Design and Engineering 3 (2016) 161–177
www.elsevier.com/locate/jcdeImplementation of persistent identiﬁcation of topological entities based on
macro-parametrics approach
Shahjadi Hisan Farjanaa,n, Soonhung Hana, Duhwan Munb
aGraduate School of Ocean Systems Engineering, Department of Mechanical Engineering, Korea Advanced Institute of Science and Technology (KAIST), Daejeon,
Republic of Korea
bDepartment of Precision Mechanical Engineering, Kyungpook National University, Daegu, Republic of Korea
Received 28 July 2015; received in revised form 11 January 2016; accepted 11 January 2016
Available online 19 January 2016Abstract
In history based parametric CAD modeling systems, persistent identiﬁcation of the topological entities after design modiﬁcation is mandatory
to keep the design intent by recording model creation history and modiﬁcation history. Persistent identiﬁcation of geometric and topological
entities is necessary in the product design phase as well as in the re-evaluation stage. For the identiﬁcation, entities should be named ﬁrst
according to the methodology which will be applicable for all the entities unconditionally. After successive feature operations on a part body,
topology based persistent identiﬁcation mechanism generates ambiguity problem that usually stems from topology splitting and topology
merging. Solving the ambiguity problem needs a complex method which is a combination of topology and geometry. Topology is used to assign
the basic name to the entities. And geometry is used for the ambiguity solving between the entities. In the macro parametrics approach of iCAD
lab of KAIST a topology based persistent identiﬁcation mechanism is applied which will solve the ambiguity problem arising from topology
splitting and also in case of topology merging. Here, a method is proposed where no geometry comparison is necessary for topology merging.
The present research is focused on the enhancement of the persistent identiﬁcation schema for the support of ambiguity problem especially of
topology splitting problem and topology merging problem. It also focused on basic naming of pattern features.
& 2016 Society of CAD/CAM Engineers. Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Computer aided design (CAD) system can be broadly
classiﬁed into a solid modeling system (B-rep, CSG, etc.)
and feature based parametric modeling systems. In case of B-
Rep models (boundary representation model) or CSG models
(constructive solid geometry models), features, parameters and
attributes could not be modiﬁed once they are created. On the
other hand, parametric modeling system allows the designer to10.1016/j.jcde.2016.01.001
16 Society of CAD/CAM Engineers. Production and hosting by E
mmons.org/licenses/by-nc-nd/4.0/).
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nder responsibility of Society of CAD/CAM Engineers.modify the parameters, features and attributes based on
product manufacturing information depending on design
requirements. Parametric modelers record the history of the
design sequentially so that design intent could be satisﬁed.
This feature favors their popularity among commercial design
of product models for the use of collaborative design.
Procedural models have the advantage of easy editing of
dimensional modiﬁcation. Collaborative CAD design demands
the integration between heterogeneous CAD systems for
exchanging CAD data model. For CAD system integration,
CAD ﬁles are exchanged by using standard ﬁle formats (direct
translation) or XML based neutral macro ﬁle (translation using
neutral format mechanism) which retains the design intent.
In case of direct translation design data could be lost with
great reduction in ﬁle size. Design intent, which means productlsevier. This is an open access article under the CC BY-NC-ND license
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successful CAD data translation. History based macro-
parametric approach solves these issues by using XML format
neutral macro ﬁle. Both these cases of collaborative design
should have conformed between the topological and geometrical
entities referenced by a feature between the original model and
re-evaluated model. Once a design model is modiﬁed, topolo-
gical entities lost their identity. This problem should be solved
for successful CAD data translation by achieving persistent
identiﬁcation of all the referenced entities every time after they
are modiﬁed. This problem is commonly known as persistent
identiﬁcation problem. The mechanism of persistent identiﬁca-
tion offers, attaching names to topological entities once they are
created based on the operations of creation and retrieving of
those topological entities between original and modiﬁed model
every time after the modiﬁcation occurs.
Macro-parametric approach is a history based parametric
method that enables the designer to exchange the parametric
information of CAD models which includes product creation
history and modiﬁcation history. The set of standard modeling
commands is deﬁned and used in the format of an XML format
neutral macro ﬁle.
In history based parametric CAD modeling systems, struc-
ture of topological entities should be identiﬁed consistently; it
means entity naming and entity retrieval should be generic of
all the topological entities, independent of all CAD systems
and unambiguous to identify persistently. If persistent identi-
ﬁcation is not generic, it could not be applicable to all types of
topological entities associated with different features. If theFig. 1. Components of parametrimechanism is dependent on CAD systems, the mechanism will
be different for each type of CAD systems (topology based
CAD system/geometry based CAD system). In that case,
integration between heterogeneous CAD systems is not
possible. And the naming rule should be unambiguous to
retrieve once the CAD model is gone through topology
splitting and topology merging case, when two or more
topological entities have the same basic name. And persistent
identiﬁcation should be done with the minimum data required
for CAD model translation; that is feature type, attributes of a
feature, parameters of a feature, local coordinates of a feature.
Naming can be divided into basic naming and ambiguity
solving part. Basic naming involves attaching names with
features and topological entities associated with that feature
(face, edge, vertices). But in different cases, topological
entities could have same basic name; which is deﬁned as
ambiguity problem. The ambiguity could arise from topology
merging or topology splitting case, while modifying the CAD
model. It can also happen during the creation stage of the CAD
model. For solving these issues, name matching should be
conducted between homogeneous CAD systems (name match-
ing) or heterogeneous CAD systems. Name matching involves
two different ways. Local matching between topological
entities (1: N comparison) or global matching between
topological entities (N: N comparison). Local matching
comparison one entity from evaluating model with all the
referenced entity is pre-edit model; whereas global matching
tries to compare all the topological entities of post-edit model
with all the topological entities of the pre-edit model (Fig. 1).c feature-based solid models.
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Kripac [4] proposed a topological system of API (applica-
tion programming interface) that introduces faceIDGraph
describing naming and name matching mechanism when the
table is updated every time once the model is modiﬁed. Entity
matching is based on comparison between one or more faces in
two graphs. But his way of differentiating between edges/faces
with same basic name is not clear which can lead to
unpredictable results [4].
Chen [1,2,3] proposed a topological system of Vertices are
matched to deﬁne constraints, to construct datum features, to
be used by modifying features or to be used as a sub
expression in another name. In the dimensioning case, we
need to identify the vertex in the three dimensional space.
Moreover, only in the case of modifying features we can
accept multiple matched vertices with the same name. Edges
are named by deﬁning constraints to construct datum features,
to be used by chamfers and rounds. In the case of constraints
and datum features ambiguous edges can be tolerated if they
are collinear line segments with constraint orientation. Faces
are matched to determine the limits of feature attachment
operations, deﬁning draft operations, identifying a sketch plane
or the constraining datum deﬁnition. The degree of exactness
with which a face is to be matched varies with the operation.
This method doesn’t consider ambiguity in name matching
phase.So as a whole, their limitations are – they tried to name
all the entities which are unnecessary & Implementation is
difﬁcult [2,3].
Agbodan [5] presented a persistent naming mechanism
based on Shell graph [2] which is similar to Kripac’s faceID
Graph excluding shell and sub shell information. His approach
involves hierarchical architecture of the graph which is
difﬁcult to implement.
Wu [6] introduced a geometry based ambiguity solving
method based on parametric space information (PSI) systems.Fig. 2. Macro technology treeParametric space information is calculated from u, v values
based on the original names of faces that can generate
ambiguity. But Wu did not address any name matching
algorithm for that kind of ambiguity problem.
Mun [7,8,10,11,21] proposed topology based basic naming
system and name matching system calculated from object space
information. Face names are dependent on basic name of the
feature where edge and vertex are named depending on that
face. But in the case of name matching, Mun considered an
ambiguity problem that arises from topology splitting and
topology merging case. Naming the ambiguous topological
entities that stem from pattern features, that are replica models
were out of his scope.
Song [9] introduces a hybrid method (topologyþ geometry)
to persistently identify the entities associated with a feature in
case of modeling with an xml based neutral macro ﬁle.
Geometry based naming never induces an ambiguity problem,
but it’s difﬁcult to accurately retrieve the reference coordinate
information on a feature.
Capoyles [1] described a topology based naming mechanism
that involves feature speciﬁc information like proﬁle, path; but
this method is dependent on features; it’s not a generic one.
Also edges and vertices are named directly without referencing
their adjacent face names.
Raghothama and Shapiro [12] proposed a topological
framework for part families depending on its mathematical
representation. But this mechanism should be equipped with
general solid representation.
3. Comparison with other research
Kripac’s proposed algorithm is difﬁcult to implement
because details are required for name matching among faces,
which were not addressed. Wu’s method of parametric space
information system based ambiguity solving is not persistent
because it is dependent on CAD systems. In the Mun’sof Existing Researches.
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with multiple loop proﬁle. Also, naming the replica object/
shapes created from pattern feature operation was not
addressed; both of them are covered in this study.
Ambiguity problem can be of different types- topology
splitting, topology merging, pattern feature, multiple closed
loops in one sketch. Several previous researches tried to solve
this problem in their methods, but no one is a complete solution
to these ambiguity problems. In this paper, we focus on solving
the ambiguity problems on the basis of macro-parametric
translator, because there are several commercial CAD systems
that have their own persistent identiﬁcation method. But no
research or commercial method is sufﬁcient enough to translate
the CAD model from one system to CAD model following
completely different system (Figs. 2–4). Our focus is a
successful CAD model translation for the ease of collaborative
design.Fig. 3. Micro Technology Tre
Fig. 4. Comparison of E4. Persistent identiﬁcation mechanism
Brep entities that need to be named persistently fall into two
categories. One class of entity corresponds to the geometry
created explicitly as part of a feature operation. This includes
virtually all faces and some edges and vertices. These are
associated with a single feature. The second class includes
entities that come about through feature collision. Such entities
are edges and vertices in which different feature elements
intersect. These entities are associated with several features
and are transient in the nature, such as after design modiﬁca-
tion, these entities either modiﬁed or deleted.
In history based parametric CAD modeling systems, struc-
ture of topological entities should be identiﬁed consistently; it
means entity naming and entity retrieval should be generic of
all the topological entities, independent of all CAD systems
and unambiguous to identify persistently.e of Existing Researches.
xisting Researches.
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applicable to all types of topological entities associated with
different features. If the mechanism is dependent on CAD
systems, the mechanism will be different for each type of
CAD systems (topology based CAD system/geometry based
CAD system). In that case, integration between heterogeneous
CAD systems is not possible. And the naming rule should be
unambiguous to retrieve once the CAD model is gone through
topology splitting and topology merging case, when two or more
topological entities have the same basic name.
And persistent identiﬁcation should be done with the
minimum data required for CAD model translation; that is
feature type, attributes of a feature, parameters of a feature,
local coordinates of a feature.
Naming can be divided into basic naming and ambiguity
solving part. Basic naming involves attaching names with
features and topological entities associated with that feature
(face, edge, vertices). But in different cases, topological
entities could have same basic name; which is deﬁned as
ambiguity problem. The ambiguity could arise from topologyFig. 5. Mechanism of Persistent Identiﬁcation.
Fig. 6. Basic Naming usingmerging or topology splitting case, while modifying the CAD
model. It can also happen during the creation stage of the CAD
model with pattern feature. Because pattern feature will copy
one object in multiple numbers. For solving these issues, name
matching should be conducted between homogeneous CAD
systems (name matching) or heterogeneous CAD systems.
Naming matching involves two different ways. Local matching
between topological entities (1: N comparison) or global
matching between topological entities (N: N comparison).
Local matching comparison of one entity from evaluating
model with all the referenced entity is pre-edit model; whereas
global matching tries to compare all the topological entities of
post-edit model with all the topological entities of the pre-
edit model (Fig. 5).4.1. Basic naming
Persistent identiﬁcation can be of two different types in case
of basic naming. Topology based or geometry based, depend-
ing on the CAD systems. In can also be a hybrid method.
CATIA and UG follows topology based basic naming where
Solidworks follows a geometry based basic naming. Previous
studies show topology based basic naming order can be either
of face4edge4vertex or else. In this case, faces are named
ﬁrst and then face names are used to assign names to edges and
vertices. Entities can also be subdivided into different cate-
gories: invariant entities or contingent entities. In the macro
parametric translator of iCAD lab KAIST, faces which are
created from feature operations, are named ﬁrst, then these
names are applied to the successive naming of edges and
vertices, as edge is a combination of any of two faces and
vertex is a combination of at least three faces [19,20] (Fig. 6).topology or geometry.
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Ambiguity occurs in CAD part models when, after feature
creation operations (product design phase) or feature editing
operation (design review phase), two or more topological
entities have the same basic name (topology splitting) or two
or more entities whose basic names were different were added
into one (topology merging).
Then a different phenomenon arises when basic naming
based on topology is not only sufﬁcient to solve this problem.Fig. 7. Ambiguity problem of persistent identiﬁcatioAmbiguous entities can be distinguished using geometry
based method, because their geometric dimensions should be
some different from the initial one. Here in the diagrams
we explained when topology splitting or topology merging
occurs.
In topology based naming of iCAD lab KAIST, ambiguity
problems are solved by the Object space information system
based ambiguity solving method; which enables the geometry
comparison of entities and then the new entity name is returned
(Fig. 7).n: (a) topology splitting (b) topology merging.
Fig. 8. Persistent identiﬁcation of Siemens JT of ISO (topology splitting).
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Naming matching is required between topological entities of
CAD models and corresponding topological entities of re-
evaluated CAD model. And after matching if there in any
modiﬁed topological entities than they are given different
names from the initial model to identify them persistently.
Also, name matching can be of global matching or local
matching. Local matching compares identiﬁed entity with the
other entities in the initial model; whereas global matching
compares all the topological entities of the new model with all
the topological entities in the old model.
Its N:N matching technique which requires much computa-
tion time and skill with greater accuracy. But In case of local
matching, it’s 1: N which leaves lower accuracy of matching
results and fastest computational ability. Different approaches
were followed In previous studies.Fig. 9. Persistent identiﬁcation of Siemens JT of ISO (topology merging).5. Problems of persistent identiﬁcation
In K5 model, after cut extrude operation in the revolved and
the extruded upper face, inside the macro ﬁle of the macro-
parametric translator, the name of the cut-extruded entities will
be recorded by that feature operation. But if the designer wants
to create the linear pattern of that cut-extruded hole, all the
pattern instances will copy the same name of the cut-extruded
hole; which is not persistent in making the parameter changes.
So to be persistent, pattern objects should contain their
speciﬁc information; which feature is used for making pattern
objects and how many pattern objects are there. Currently,
TransCAD names of those pattern objects are wrong and
ambiguous.
In K5 model, after cut extrude operation in the revolved
lower face, inside the macro ﬁle of the macro-parametric
translator, the name of the cut-extruded entities will be
recorded by that feature operation. But if the designer wants
to create the circular pattern of that cut-extruded hole, all the
pattern instances will copy the same name of the cut-extruded
hole; which is not persistent in making the parameter
changes. So, to be persistent pattern objects should contain
their speciﬁc information; which feature is used for making
circular pattern objects and how many pattern objects are
there. Currently, TransCAD names of those pattern objects
are wrong and ambiguous. So, we need a methodology to
solve this kind of problem and for assigning persistent names
to them (Figs 10–11).
In K3 model, revolved face is cut into 3 different sections
through cut-revolve feature operations. Before the cut revolve
operation, the cylindrical face was only one face, which is
further divided into 3sections (in the upper face) and the inner
faces are also newly created. Without an accurate, persistent
identiﬁcation mechanism, through a CAD model translator,
designer will have the loss of design data. Because those newly
created faces will copy the basic face name. Persistent
identiﬁcation method demands to identify those new split
faces based on their properties (Figs. 8 and 12).In K-2 model, the upper face of the bottom part is initially
created by protrusion sweep feature; so the entity names are
based on sweep feature operations. But after creating revolve
feature operation the existing face is modiﬁed by adding the
circular part. As a whole the face has two types of basic name;
one from sweep feature and another from revolving feature.
So, the face is a merged face, which should be distinguished
from the basic face; but without any topology merging
mechanism it’s not feasible to identify that merged face
(Figs. 9 and 13).
6. Proposed method
In the parametric CAD modeling systems, current persistent
identiﬁcation mechanism attaches name during the product
design phase based on their feature operations, sketch ID, path
ID, proﬁle ID. This is the initial product creation stage. In the
product modiﬁcation phase, to be speciﬁc, as a consequence of
successive feature operations on same topological entities for
more than one time, ambiguity occurs. These successive
feature operation can be pattern feature operations, either
rectangular pattern feature or circular pattern feature.
In the product design phase of feature based CAD modeling
systems, the topological entities are created and named based
on their respective feature operations. Faces are named ﬁrst,
while two adjacent face names are used for naming an edge.
Similarly, three adjacent face names are used for attaching
names to a vertex. Basic name of the face consists of the
feature ID,sketch ID,path ID, proﬁle ID, etc.
Fig. 10. K-5 model -Lack of identiﬁcation of feature based entities-Rectangular Pattern.
Fig. 11. K-5 model-Lack of identiﬁcation of feature based entities-Circular Pattern.
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Fig. 12. K-3 model-Lack of identiﬁcation of split entities.
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design is modiﬁed (a design can be modiﬁed by successive
feature operation, splitting down the product, attaching new
part etc.), the geometry of the topological entities will also
modify. As a consequence the modiﬁed entities will have new
geometric dimensions, but same entity name as before. It’s
ambiguous, because the modiﬁed entity should have a different
name from the basic name which will provide the entity
modiﬁcation information. So, we need a speciﬁc entity naming
mechanism for ambiguous topological entities to persistently
identify them after the design modiﬁcation; which would be
able to distinguish them from each other.
Our research focus is an ambiguous entity naming mechan-
ism which is modiﬁed during the product design evaluation
phase. The distinguished naming mechanism is necessary to
ﬁnd out the difference between design entity and modiﬁed
entity.
From the process ﬂow diagram of our ambiguity solving
mechanism, the persistent identiﬁcation mechanism ﬁrst com-
pares the old set of entities with the new set of entities for a
matching name. If name is matching then their geometric
dimensions should also be matched. If name is matching but
geometric dimensions are different one from another, then wehave to analyze those entities for ambiguity problem.If after
design modiﬁcation, entities are split into new entities which
are created with the same basic name, it’s a topology splitting
problem and the naming would be based on split face
information.
SFI¼ Order of entity: total number of entities.
Where, order of entity¼ the higher the geometry, the faster the
name will be.
Total number of entity¼ total number of split entity.
If after design modiﬁcation, entities are merged into new
entity which are created with the different basic name, it’s a
topology merging problem and the naming would be based on
merged face information.
MFI¼ total number of entities.
Total number of entity¼ total number of merged entity.
Entity name¼ basic name1: total number of entity:
basic name2.
If after design modiﬁcation, new entities are created with old
basic name but there is no design modiﬁcation in old entities,
then we have to identify whether this problem stems from
naming of pattern feature objects.The basic name of the entity
should be updated based on feature operation informations
(Figs. 14–15).
Fig. 14. Process ﬂow diagram for CAD model design and persistent identiﬁcation.
Fig. 13. K-2 Model-Lack of identiﬁcation of merged entities.
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Fig. 15. Process ﬂow diagram for ambiguity solving mechanism for different problems.
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TransCAD was developed as a platform between the CAD
model translators and the XML format neutral macro ﬁle. The
ﬁgure shows the relation between the translator, the XML
macro ﬁle, and TransCAD. In this architecture, common
modules, such as the geometric modeling kernel and the
XML macro parser, are transferred from every CAD translator
to TransCAD. As a result, the CAD model translators only
have to map the design intentions from TransCAD to the
design intent of the receiving CAD system. TransCAD canFig. 16. TransCAD Implemgenerate an explicit model from a procedural model, so that
each translator does not need to create an explicit model from a
procedural model. Different mechanisms are already imple-
mented in the TransCAD. The modiﬁcation according to the
change of the neutral modeling commands set does not
propagate to the translators.
TransCAD provides an interacting medium between the
translators and TransCAD using the Automation APIs. This
Automation APIs, developed by Microsoft, is a COM-based
technology which allows developers and designers to create
custom applications to automate design tasks (Fig. 16).entation Environment.
S.H. Farjana et al. / Journal of Computational Design and Engineering 3 (2016) 161–1771728. Solution algorithm
Based on the feature editing operation implementation,
patterned feature based face names are retrieved by compar-
ing the face list before creating pattern objects and also
another face list after creating pattern objects. Using ACIS
R21 libraries and ACIS API, both of those faces are
compared to identify which entities are created by pattern
features.
After that identiﬁed faces will have a geometry comparison
in between them to retrieve the instance number of them. And
at last the identiﬁed faces will have new names based on
pattern feature operations.
According to our method, the basic name of faces of a
pattern based features will be:
FaceName¼ [Feature id, id1, id2, id3, id4, id5, Option]:
OSI: SN
¼ [FeatID, FeatIDp, IDelement, FeatIDpath, IDtrajectory,
EntityNum, Option]: SFI: MFI.
Where, SFI¼split face information.
MFI¼merge face information.
EdgeName¼ FaceName1#FaceName2
VertexName¼FaceName1#FaceName2#FaceName3
For example, after the cut extrude operation the pattern
faceName can be like:
FaceName¼ [Cut2, Sketch4, Circle1, 0, 0, 1, Pattern
Feature: 0, 0:0, 0]
EdgeName¼ [Cut2,Sketch4,Circle1,0,0,1,PatternFeature:0,0:
0,0]# [Cut2, Sketch4, Circle1,0,0,0, ExtrudeFeature:
0,0:0,0]
For identiﬁcation of topology splitting operation, split
attributes won’t lose their properties. So, the ﬁrst step is to
identify which are those entities. Then, if the entities are
split they would have same basic name and different
secondary name. Entities with the same basic names are
compared to ﬁnd out the geometry change of them by
feature operation through they are split. If the entities are
split, deﬁnitely they will differ from each other in
geometry. A bounding box is made using ACIS API to
compare their geometry and get the bigger one. Consecu-
tively the faces will have their secondary names based
on their order of splitting operation and number of
split face.
According to our method, the basic name of faces of
features will be:
FaceName¼ [Feature id, id1, id2, id3, id4, id5, Option]:
OSI: SN
¼ [FeatID, FeatIDp, IDelement, FeatIDpath, IDtrajectory,
InsNum]: SFI: MFI
Where, SFI¼split face information¼ current_number:
total_number.
MFI¼merge face information.
EdgeName¼ FaceName1#FaceName2
VertexName¼ FaceName1#FaceName2#FaceName3.
If the basic faceName is
¼ [Revolve1,Sketch1,Line1,0,0,0,RevolveFeature:0,0:0;0]And after another feature operation, this face is divided into
4sections then the child faces will be identiﬁed by their
secondary names like:
SN(secondaryfaceName)¼ [Revolve1,Sketch1,Line1,0,0,0,
RevolveFeature: 1;4:0,0]
For identiﬁcation of topology merging operation, merged
attributes lost their properties. So, the ﬁrst step is to identify
which are those entities. Then, if the entities are split they
would have same basic name and different secondary name.
Entities with the same basic name are compared with the
initially created entities to check whether they have any clash
between them using ACIS API. If they are merged, then those
faces are identiﬁed by a combination of basic faceName,
secondary faceName and number of faces which are merged.
According to our method, the basic name of faces of
features will be:
FaceName¼ [Feature id, id1, id2, id3, id4, id5, Option]:
OSI: SN
¼ [FeatID, FeatIDp, IDelement, FeatIDpath, IDtrajectory,
InsNum]: SFI: MFI.
Where, SFI¼split face information¼ current_number:
total_number.
MFI¼merge face information¼Number of faces to
be merged
EdgeName¼ FaceName1#FaceName2
VertexName¼ FaceName1#FaceName2#FaceName3.
If the basic faceName is¼ [Sweep1,Sketch2,Line7,Sketch3,
Line3,0,SweepFeature:0,0:0;0]
And the secondary faceName is¼ [Revolve1,Sketch4,Line2,
0,0,0,RevolveFeature:0,0:0;0]
Then the merged faceName will be
FaceName¼ [Sweep1,Sketch2,Line7,Sketch3,Line3,0,
SweepFeature:0,0:0;0]:0,0:1:[Revolve1,Sketch4,Line2,0,0,0,
RevolveFeature]9. Implementation results
In the K4 model, there are three patterned parts are created
after the protrusion extrude operation. And the macro-
parametric translator TransCAD can identify them based on
their instance numbers like 1, 2, 3.
So the basic face name of the feature is¼ [Protrusion4,
Sketch 5,Line 18,0,0,3:Linear pattern:0,0:0,0:]
And for similar two faces¼ [Protrusion4,Sketch 5,Line
18,0,0,1:Linear pattern:0,0:0,0:]
¼ [Protrusion4,Sketch 5,Line 18,0,0,2:Linear pattern:0,0:0,0:]
(Fig. 17)
In K5 model, there are three patterned parts are created after
the cut extrude operation. And the macro-parametric translator
TransCAD can identify them based on their instance numbers
like 1, 2, and 3.
So the basic face name of the feature is¼ [Cut1,Sketch3,
Circle1,0,0,1,Linear Pattern:0,0:0,0:]
And for similar two faces¼
[Cut1,Sketch3,Circle1,0,0,2,Linear Pattern:0,0:0,0:] (Fig. 18)
Fig. 17. Implementation status of TransCAD (rectangular pattern) -K4 Model.
Fig. 18. Implementation status of TransCAD (rectangular pattern)-K5 Model.
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In K5 model, there are three patterned parts are created after
the cut extrude operation. And the macro-parametric translator
TransCAD can identify them based on their instance numbers
like 1, 2, and 3.
So the basic face name of the feature is
¼ [Cut2,Sketch4,Circle1,0,0,3,Circular Pattern:0,0:0,0:]
And for similar two faces¼ [Cut2,Sketch4,Circle1,0,0,2,
Circular Pattern:0,0:0,0:] ¼ [Cut2,Sketch4,Circle1,0,0,1,Circu-
lar Pattern:0,0:0,0:] (Fig. 19)In the K6 model, there are three patterned parts are created
after the extrude operation. And the macro-parametric transla-
tor TransCAD can identify them based on their instance
numbers like 1, 2, and 3.
So the basic face name of the feature is¼ [Extrude4,
Sketch4, Circle2, 0, 0, 3, Circular Pattern: 0, 0:0, 0:]
And for similar two faces¼ [Extrude4,Sketch4,Cir-
cle2,0,0,1, Circular Pattern:0,0:0,0:]
¼ [Extrude4, Sketch4, Circle2,0,0,2, Circular Pattern:0,
0:0,0:] (Fig. 20)
Fig. 19. Implementation status of TransCAD (circular pattern) -K5 Model.
Fig. 20. Implementation status of TransCAD (circular pattern)-K6 Model.
S.H. Farjana et al. / Journal of Computational Design and Engineering 3 (2016) 161–177174In K3 model, there are three split faces are created after the
cut revolve operation. The basic operation was revolve. And
the macro-parametric translator TransCAD can identify them
based on their instance numbers like 1:4, 2:4, 3:4, and 4:4.
So the basic face name of the feature is¼ [Revolve1,
Sketch1,Line2,0,0,0,RevolveFeature:4,4:0;0]
And for similar two faces¼ [Revolve1,Sketch1,Line2,0,0,0,
RevolveFeature:1,4:0;0]
¼ [Revolve1,Sketch1,Line2,0,0,0,RevolveFeature:2,4:0;0]¼ [Revolve1,Sketch1,Line2,0,0,0,RevolveFeature:3,4:0;0]
(Fig. 21)
In K5 model, there are three split faces are created after
revolve operation. The basic operation was extrude. And the
macro-parametric translator TransCAD can identify them
based on their instance numbers like 1:12, 2:12, 3:12,
4:12, etc.
So the basic face name of the feature is¼ [Extrude1,Sketch2,
Line2,0,0,0,Extrude Feature:6,12:0;0]
Fig. 21. Implementation status of TransCAD (split case)-K3 Model.
Fig. 22. Implementation status of TransCAD (split case)-K5 Model.
S.H. Farjana et al. / Journal of Computational Design and Engineering 3 (2016) 161–177 175And for similar two faces¼ [Extrude1,Sketch2,Line2,0,0,0,
Extrude Feature:2,12:0;0]
¼ [Extrude1,Sketch2,Line2,0,0,0,Extrude Feature:1,12:0;0]
¼ [Extrude1,Sketch2,Line2,0,0,0,ExtrudeFeature:4, 12:0;0]
(Fig. 22)
In the K2 model, there are four merged faces are created
after revolve operation. The basic operation was a sweep. Andthe macro-parametric translator TransCAD can identify them
based on their both feature operations like:
So the basic face name of the feature is
¼ [Sweep1,Sketch2,Line7,Sketch3,Line3,0,SweepFea-
ture:0,0:1;Revolve1,Sketch4,Line7,0,0,0,RevolveFeature:]
(Fig. 23)
Fig. 24. Implementation status of TransCAD (merge case)-K5 Model.
Fig. 23. Implementation status of TransCAD (merge case)-K2 Model.
S.H. Farjana et al. / Journal of Computational Design and Engineering 3 (2016) 161–177176In K5 model, there are two merged faces are created after
the extrude operation. The basic operation was revolve. And
the macro-parametric translator TransCAD can identify them
based on their both feature operations like:So the basic face name from feature is¼
[Revolve1,Sketch1,Line3,0,0,0,RevolveFeature:0,0:1;
Extrude1,0,2,0,0,0,ExtrudeFeature:] (Fig. 24)
S.H. Farjana et al. / Journal of Computational Design and Engineering 3 (2016) 161–177 17710. Conclusions
Our method will solve the persistent identiﬁcation problem
that arises from pattern feature creation for basic identiﬁcation
and also for spilt and merge case while feature editing
operations are done. Our method is implemented into history
based macro-parametric translator named as TransCAD for
converting any CAD model test case which contains patterned
object inside itself. Based on the successful translation results
our approach will be further extended to other kinds of features
which employ feature speciﬁc problems during model creation,
modiﬁcation and translation.
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